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VENT-RUN GAS SWITCHING SYSTEMS 

This [nventlon relates to vent-run gas switching systems commonly 
used in atomic layer deposition (ALD) or chemical vapour deposition 
(CVD) techniques. In particular, the invention relates to an improvement 
to such systems which reduces the opportunity for cross-reaction between 
gases in such a system. . 

Vent-run gas switching systems are commonly used in the growth 
of multi-layer thin films. Two common example applications are the 
manufacture of AI2O3 and.TiN films- In such applications^ sources of two or 
more gaseous species to be deposited are provided, a purge gas source 
may also be provided. The gases are delivered to a process chamber 
sequentially, by means of a switching system between the gas sources 
and the process chamber. Any residual species, purge gas or by-products 
are exhausted from the process chamber by a pump. 

Typically, a purge gas Is passed through the reaction chamber 
between supplies of the species to be deposited. The purpose of the purge 
gas is to remove any residual- (not deposited) species from the process 
chamber so as to prevent reaction with the next spea'es supplied to the 
chamber. Were the species allowed to cross react, this might result in 
Impurities and Imperfections In the multi-layer film. 

In existing vent-run gas switching systems, gases leaving the 
process chamber enter a common fonellne leading to a vacuum pump^ 
Cross reaction of any residual species can occur In the foreline and this 
can result in the accumulation of particulates In the foreline leading to 
impaired pump performance. Such Impairment of pump performance may 
compromise the quality of the product manufactured In the process 
chamber. In addition, the process down. time Involved In repairing and 
maintaining affected pumps can Increase the costs of manufacture. 
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The present invention aims to provide a vent-run gas swrtching 
system wherein cross reaction of species on exhaust from the process 
chamber is significantly reduced. 

In accordance with the present invention there is provided a vent- 
run gas switching system comprising: 

a plurality of gas supply conduits in fluid communication with a 
process chamber; a plurality of gas exhaust conduits in fluid 
communication with the process chamber; a plurality of pumps each in 
fluid communication with one or more gas exhaust conduits; a first valve 
system associated with the plurality of gas supply conduits and configured 
to control supply of a plurality , of gases to the process chamber in 
sequence; 

a second valve system associated with the plurality of gas exhaust 
conduits configured to direct gases exhausted from the process chamber 
to the pumps, each gas being selectively dfrectable to a pre-seiected 
pump; and 

■ one or more gas supply bypass conduits in. fluid communication 
with one or more of the pumps and bypassing the process chamber. 

Optionally^ the system- further Includes a controller for controlling 
the operation of the first and second valve systems. In use, to supply 
gases to the process chamber in a pre-selected sequence and exhaust 
gases. In sequence, to pre-selected pumps. 

In addition to controlling the sequence In which valves are opened 
and dosed, the controller may be configured to control the duration for 
which any given valve is opened and the extent to which any given valve 
Is opened... In the latter case, adjustment of the valve may be used to 
.control the duration, pressure and/or volume of a given gas supplied to 
the process chamber thereby controlling the quantity of gaseous species 
delivered in a given time. Furthermore, the controller may be configured 
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to allow a predetermined delay between opening of valves respectively In 
the first and second valve systems to ensure all gas In ah exhaust conduit 
has been exhausted before new gas is introduced. 

The respective pluralities of gas supply conduits, gas exhaust 
conduits and pumps need not be the same. For example, tl^ere may be 
more gas supply conduits than gas exhaust conduits or pumps, more than 
one ga^ being selectively exhausted to the same pump. 

The system may further comprise a plurality of gas filled containers 
connected in fluid communication with the gas supply conduits. Optionally, 
at least one of the gas filled containers may>be filled with a purge gas. -.^ 

For the purposes of exemplification, an embocHnnent of the 
Invention will now be further described with reference to the Figures-In 
which;.' 

Rgure 1 Illustrates a vent-run gas switching system In accordance 
with the prior art- 

-1 

Figure 2 illustrates a vent-run gas switching system In accordance 
with the present Invention. 

As can be seen from Figure 1 a prior art vent-run gas switching 
system comprises two gas supplies Gas A and Gas B each connected to a 
process chamber 11 and pump 12 by means of a series of conduits 13-18. 
The conduits 13 to 16 Include valves which can be operated to controi the . 
flow of Gas A and Gas B to the pump 12 via the process chamber 11, or 
bypassing 17 the process chamber 11. Thus, only one of the gases Is 
supplied to the chamber at any one time. 

To supply Gas A to the chamber 11> valved conduit 14 is opened , 
Gas A flows directly through valved conduit 14 into the chamber 11 and 
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exhausts through conduit 18 to pump 12. During delivery, of Gas A, valved 
conduits 15 and 16 remain closed whilst valved conduit 13 Is open. Gas B - 
therefore flows through conduits 13, 17 and 18 to the pump 12 bypassing 
the chamber. To supply Gas B to the chamber 11, valved conduits 15 and 
16 are opened and valved conduits 13 and 14 are closed. In this 
configuration, Gas B Is supplied through conduit 15 to the chamber 11 and 
exhausted via conduit 18 to the pump 12. Meanwhile, Gas A is supplied • 
through conduits 16^ 17 and 18 directly to the pump 12^ bypassing 17 the 
chamber 11. 

•It will be appreciated that, as both gases pass through conduit 18 
and exhaust to the single pump 12, there Is scope for cross reacOon 
between residuals of each gas remaining after switching between the gas • 
supplies. 

Figure 2 illustrates a vent-run gas switching system in accordance 
with the present Invention. 

As can be seen from Figure 2 a vent-run gas switching system 
comprises three gas supplies Gas 1, Gas 2 and Gas 3, Typically, Gas 1 
may be a purge gas and Gas 2 and Gas 3 process gases to be reacted In 
the process chamber 4 for example, to form a multi-layer conductor semi- 
conductor product, or an multi-layered Insulator. Each gas supply Is 
connected to the process chamber 4 and one of two pumps 7, 8 by 
means of conduits 21, 22, ....,35. The conduits 25- to 35 Include valves 
which can be operated to control the flow of Gases 1, 2 and 3 to the 
pumps 7 and 8 via the process chamber 4, or bypassing 21 the process 
chamber 4. 

When valved conduits 25, 26, 27 and 28 are closed and 31 to 35 
opened. Gas 2 Is supplied directly to the process chamber 4 and 
exhausted to pump 7. Meanwhile, Gas 1 (a purge gas) Is directed to pump 
7 through conduits 31 and 21a and b and Gas 3 is directed to pump 8 
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through conduits 23a and b, 33 and 35. As Gas 1 is an Inert purge gas. It 
- can safely be mixed with Gas 2 at the foreline of. pump 7 as no cross 
reaction of the gases will occur. Following a supply of Gas 2, the chamber 
": may be purged by a supply of purge gas, Gas 1. This purge Is achieved 
by dosing conduits 31 and 32 and opening, conduits 25 and 26. Conduits 
' 27 and 28 remain closed as do conduits 29 and 30.' Purge gas. Gas 1 Is 
directed through conduits 21a and b and 25 Into the process chamber 4 
and exhausts to pump 7 through conduits- 24 and 34. Gas 2 is directed 
through conduits 22 and 26 and conduit 21b to the pump 7, bypassing the 
process chamber 4. Meanwhile Gas 3, continues to pass directly through 
conduits 23a and b, 33 and 35 to pump 8, bypassing the process chamber 
4. Thus the chamber 4 is purged of Gas 2 and Gas 3 can safely be 
Introduced. -f ■■ 

Gas 3 Is introduced by opening vplved conduits 27, 28, 29 and 30. 
Valved conduits 25, 26, 33, 34 and 35 are closed. Gas 3 Is dlrect-ed 
through conduits 23a and 28 tO:.process chamber 4 and exhausted, to 
pump 8 via conduits 24 and 29. Gas 2 is directed to pump 7 through 
conduits 22, 27, 23b and 30 bypassing the process chamber 4. Gas Ir is 
directed to pump 7 through conduits 31 and 21a and b, bypassing the • 
process chamber 4, 

Thus It can be seen, by suitable operation of the valved conduits 25 
to 35, each of the three gases Gas 1, Gas 2, Gas 3 can be sequentially 
supplied to the process chamber 4 whilst the reactive gases 2 and 3 can 
be fed to separate pumps 7 and 8. As the gases Gas 2 and Gas 3 are 
diverted to a given pump 7,8 before they reach the pump foreline, there is 
no opportunity for cross reaction and consequent particulate 
contamination of the pumps. 

It will be appreciated that the described arrangement can easily be 
extended for more than two reactive gases by adding further valved 
conduit arrangements and pumps in parallel. It will further be appreciated 
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that separate pumps are only needed where any given two or more g^ses 
will cross react with each others Any two or more gases which will not 
cross react, can safely be directed to a single pump using the 
arrangements of the Invention • 

The foregoing description Is purely exemplary of just one • 
embodiment of the Invention and Is not Intended to be restrictive of-the 
true scope of the invention as claimed in the appended claims. 
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CLAIMS 

1. • A vent-run gas switching system comprising: 

a plurality of gas supply conduits In fluid communication with 
a process chamber; a plurality of gas exhaust conduits In fluid 
communication with the process chamber; a plurality of pumps 
each In fluid communication with one or more gas exhaust 
conduits; a first valve system associated with the plurality of gas 
supply conduits and configured to control supply of a plurality of 
gases to the process chamber in sequence; 

a second valve system associated with the plurality of gas 
exhaust conduits configured to direct gases exhausted from the 
process chamber to the pumps, each gas being selectively 
dlnsctable to a pre-selected pump; and ; - 

. one or more gas supply bypass conduits ?n fluid 
communication with one or more of the pumps and bypassing the 
process chamber. 

2. A vent-run gas switching system as claimed in claim 1 further 
comprising a controller for controlling the operation of the first and 
second valve systems. In use, to supply gases to the process 
chamber in a pre-selected sequence and exhaust gases. In 
sequence, to pre-selected pumps. 

3. A vent-run gas switching system as claimed in claim 2 wherein the 
controller is configured to control the duration for which any given 
valve In the first or second valve system Is opened and the extent 
to which any given valve In the first or second valve system is 
opened. 

4. A vent-run gas switching system as claimed in claim 2 or claim 3 
wherein the controller is configured to allow a predetermined delay 
between opening of valves respectively In the first and second valve 
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systems to ensure all gas In an extj&ust conduit has been exhausted 
before new gas Is introduced. 



5. A vent-run gas switching system as claimed in any preceding claim 
further comprising a plurality of gas- filled containers connected in 
fluid communication with the gas supply conduits. 

6. A vent-run gas switching system as. .claimed .in claim 5 wherein at. 
least one of the gas filled containers is filled with a purge gas. 

7. A vent-run gas switching system as claimed In. any preceding claim 
wherein the respective pluralities of gas supply conduits and/or gas 
exhaust conduits and/or pumps differ, 

8. A vent-run gas switching system substantially as described herein 
and with reference to Figure 2. 



|doatT3Z?2i6-^Sem6$^]04j;S» 1 




9 

ABSTRACT 
VENT-RUN GAS SWITCHINS SYSTEMS 

A vent-run gas switching system comprising: 

a plurality of gas supply conduits* 22, 23, 25, 28, 32, In fluid 
communication with a process chamber 4; a plurality of gas exhaust 
conduits 24, 34, 29, fn fluid communication with the. process chamber 4; 
a plurality of pumps 7, 8 each In fluid communication with one or more 
gas exhaust conduits; a first valve system 31^ 32, 33, 25^ 26, 27, 28 
associated with the plurality of -gas supply conduits and configured to 
control supply of a plurality of gases 1, 2, 3 to the process chamber 4 in 
sequence; 

* a second valve system 34>. 35, 29, 30 associated with the plurality 
of gas exhaust conduits. configured to direct gases 1, 2, 3 exhausted from i 
the process chamber 4 to the pumps 7, 8, each gas being selectively • 
directable to a pre-selected pump; and 

one or more gas supply bypass conduits 21b, 23b in fluid 
corinmunication with one or more of the pumps 7, 8 and bypassing the 
p rocess cha mbe r 4. 

(Fig- 2) 
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